SINCE the publication of McMichael and
Sharpey-Schafer,' cor pulmonale has been generally grouped with thyrotoxicosis, beriberi, systemic arteriovenous fistula, anemia and Paget's disease of the bone as a type of heart disease associated with a high cardiac output. During the past two years we have had the opportunity to study the hemodynamics of 15 cases of chronic cor pulmonale, and five other cases of chronic lung disease. Since we were impressed by the infrequency of high cardiac output in these 20 subjects, it was believed that a report of their findings would be of interest. MATERIAL The patients studied were from the medical wards of the Cincinnati General Hospital and from the Veterans Administration Hospital, Dayton, Ohio. The diagnosis of chronic cor pulmonale was made on the basis of a history of chronic lung disease, x-ray evidence of chronic lung disease (usually emphysema), and the presence of either x-ray or electrocardiographic evidence of right ventricular hypertrophy in the absence of valvular or congenital heart disease (table 1). Eight of the 15 subjects with chronic cor pulmonale had evidence of retention of carbon dioxide in the blood; all save one had resting arterial oxygen saturations below 92 per cent of capacity. Eleven of the 15 having cor pulmonale had congestive heart failure; in two the failure was irreversible. For comparative purposes, 25 having normal hearts and 13 patients having heart failure or a history of heart failure associated with valvular disease or vascular disease were studied.
METHOD
Patients were studied in the fasting state, unsedated or having received 0.1 Gm. of Seconal. Cardiac venous catheterization was done as described by Cournand and Ranges.2 Cardiac outputs were determined by the direct Fick principle. During the collection of expired air, mixed venous samples were obtained over a 45 second period from the proximal portion of the pulmonary artery or from the right ventricle simultaneously with blood samples from a peripheral artery. Blood was collected under oil and stored in ice water over mercury. Duplicate samples were analyzed in the Van Slyke manometric apparatus and were required to check within 0.2 volumes per cent. Two minute samples of expired air were collected in Douglas bags, measured in a Tissot spirometer and analyzed in the Haldane apparatus. Duplicate samples were required to check within 0.03 per cent. Pulmonary "capillary" pressures were measured according to the method of Hellems and co-workers.3 Pressures were recorded by means of a five channel optical oscillograph (Hathaway).
RESULTS
These are summarized in tables 1 and 2. Cardiac output values were considered acceptable only if the oxygen consumption fell within the range given by Dexter,4 allowing an occasional decrease up to 8 per cent because of the age of the patient or the effect of sedation. Using this criterion, satisfactory outputs were obtained in 12 of 15 cases of chronic cor pulmonale, in 14 of 25 normals, and in 10 of 13 cases with other types of heart failure (table 1).
In the normal group, the mean cardiac index was 3.3 liters per minute, with a range from 2.5 to 4.2. In the group with chronic cor pulmonale, FOWLEIR, WElSTCOTT, SCCTT AND HIESS the mean cardiac index was 2.7 liters per minute, with a range between 1.7 and 3.8. The difference was significant at the p <0.02 level (table 2) . The mean cardiac index in 10 cases with other types of heart disease was 1.8 liters per minute, with a range from 1.2 to 2.9. The cardiac output in this group was significantly lower than in the normal group (p <0.001) and than in the group with chronic cor pulmonale (p <0.01) (table 2). If the index of only the group of nine patients having (or pulmonale with failure is compared with that of the group of 10 with "low output failure" the difference is less striking but is significant at the p <0.02 level (table 2) , the group with cor pulmonale and failure having a mean cardiac index of 2.6 liters. A comparison of arteriovenous oxygen differences (table 2) reveals significant differences between the group with heart failure due to hypertension or valvular disease and the normal group, p <0.001, on the one hand and the group with chronic (or pulmonale on the other (p <0.01). The arteriovenous oxygen differences were not significantly different in the group with chronic (or pulmonale and in the normal group.
A significant association between the cardiac index and the resting arterial oxygen saturation was found in the 12 patients with chronic cor pulmonale (b = 0.359; p = < 0.01) (table 2).
The pulmonary artery pressure was recorded in 11 of the 12 patients having chronic cor pulmonale; in the other one right ventricular pressure was recorded. There was evidence of hypertension in the lesser circuit (the mean pulmonary artery pressure was above 17 mm. Hg, or right ventricular systolic pressure above 30 mm. Hg) in all cases. Satisfactory record of the pulmonary "capillary" pressure was observed in 5 of the 12 cor pulmonale patients and in five others having chronic lung disease. The pulmonary "capillary" pressure was normal, that is, below 12 mm. Hg, ill all save one. In this subject, G. An. (table 1) there was generalized irreversible heart failure. A significant negative regression was found of cardiac index on pulmonary artery mean pressure ill 11 patients (table 2) having chronic (or pulmonale, but was not marked enough to be significant. Right atrial mean pressure was measured in all 12 subjects. The pressure was elevated (above 5 mm. Hg) in seven, all of whom had congestive heart failure clinically.
Five of the 15 subjects with cor pulmonale had evidence of polycythemia. All of these had congestive failure.
1)ISCuSSION
The finding of high cardiac output in Cor pulmonale was described by M.clMichael,' by Richards5 and by Harvey and co-workers.6 Harvey and co-workers postulated that the cardiac output is high in cor pulmonale due to pulmonary emphysema because of hypoxia, and that the cardiac output falls with the advent of congestive heart failure, still remaining above the normal until failure is irreversible. In their cases of cor pulmonale due to silicosis without marked hypoxia, the cardiac output was not elevated. However in diffusion fibrosis of the lung, they found elevation of the cardiac output even in the absence of hypoxia. This is unexplained, but may be due to the activity of the underlying disease.
Dexter7 has found the cardiac output to be normal or low0in a number of cases of cor pulmonale. He has found a significant negative correlation betseen(cardiac index and pulmonary arteriolar resistance in cor pulmoniale.
Dexter7 found that the cardiac output in cor pulmonale was no longer elevated when pulmonary "arteriolar" resistance rose above approximately four times normal.
In our group of 12 patients with chronic cor pulmonale, all of whom had arterial hypoxia, none had outputs above our normal range; eight had normal outputs; four had outputs below the normal. Two patients with cor pulmonale and irreversible failure had cardiac indices below 2 liters per minute.
We were unable to find evidence of negative association betweeni cardiac index and arterial oxygen saturation; in fact a positive association w as found, suggesting that the cardiac output becomes lower as the heart becomes damaged and the pulmonary artery pressure elevated by increasing hypoxia. The general finding of normal pulmonary "(apillary" pressure in chronic cor pulmonale and inl (hronic lung disease with pulmonary hypertension is of interest. This We have found this measurement occasionally helpful in excluding left ventricular failure. Pulmonary "arteriolar" resistance was elevated in 10 cases of chronic lung disease and chronic cor pulmonale where it was determined. Polycythemia was found in five subjects, all of whom had cor pulmonale with congestive failure. This is consistent with the observations of Baldwin and co-workers.9
findings and those of Blount8 on the one hand, and those of Richards5 and McMichaell on the other, is puzzling. In some cases, at least, our failure to find elevation of the cardiac output in cor pulmonale can be explained on the basis of the nearly terminal condition of the patient. Others can be explained on the basis of extremely high pulmonary arteriolar resistance, as hypothesized by Dexter.7 Still others may have normal or low outputs associated with fibrosis Our findings are very similar to those of Blount.8 He, too, found elevation of the cardiac output in only an occasional case of cor pulmonale and very poor correlation between degree of hypoxia and cardiac output. Borden,10 in his study of emphysema, did not measure cardiac output but did find no decrease in the arteriovenous oxygen difference and concluded that the cardiac output was probably not consistently elevated in emphysema.
It is not our contention that hypoxia plays no role in the genesis of chronic cor pulmonale, nor that the cardiac output is never elevated in this state, but that the cardiac output may be normal or even low. The discrepancy between our in the lung without marked hypoxia. Even when these three groups are excluded, one still finds a few patients (for example, J. B., G. A., table 1) whose hypoxia is associated with normal cardiac output and no exceptional increase in pulmonary "arteriolar" resistance.
SUMMARY
Measurements of the pulmonary circulation were made in 12 patients suffering from chronic cor pulmonale.
The resting cardiac index was not elevated above normal limits in these patients. The mean resting cardiac index in chronic cor pul-892 FOWLER, WESTCOTT, SCOTT AND HESS monale was significantly higher than in heart failure due to hypertension or valvular disease, and was significantly lower than in a normal group.
Pulmonary "capillary" mean pressure was normal in 9 of 10 cases of chronic lung disease with increased pulmonary arteriolar resistance and may be of aid in the diagnosis of cor pulmonale. Pulmonary arteriolar resistance was elevated in all 10 cases of chronic lung disease where the measurement was made.
A significant association between resting cardiac index and arterial oxygen saturation was found. A significant negative association was observed between cardiac output and pulmonary artery mean pressure. CONCLUSION It is concluded that low or normal resting cardiac index may frequently be found in chronic lung disease and cor pulmonale for one of the following reasons: absence of hypoxia; high pulmonary vascular resistance; terminal condition of the patient; or some as yet unexplained factor. The mean cardiac index in chronic lung disease and cor pulmonale was higher than in a group with heart failure or a history of heart failure due to hypertension or valvular disease. The mean cardiac index in 12 cases of chronic cor pulmonale was not higher than in normal controls, and, in fact, was significantly lower than normal.
